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Abstract
Background  and  objective:  The  present  study  aimed  to  evaluate  whether  right  subclavian  vein
(SCV) catheter  insertion  depth  can  be  predicted  reliably  by  the  distances  from  the  SCV  insertion
site  to  the  ipsilateral  clavicular  notch  directly  (denoted  as  I-IC),  via  the  top  of  the  SCV  arch,  or
via  the  clavicle  (denoted  as  I-T-IC  and  I-C-IC,  respectively).
Method:  In  total,  70  SCV  catheterizations  were  studied.  The  I-IC,  I-T-IC,  and  I-C-IC  distances  in
each  case  were  measured  after  ultrasound-guided  SCV  catheter  insertion.  The  actual  length  of
the  catheter  between  the  insertion  site  and  the  ipsilateral  clavicular  notch,  denoted  as  L,  was
calculated  by  using  chest  X-ray.
Results:  L  differed  from  the  I-T-IC,  I-C-IC,  and  I-IC  distances  by  0.14  ±  0.53,  2.19  ±  1.17,  and
−0.45 ±  0.68  cm,  respectively.  The  mean  I-T-IC  distance  was  the  most  similar  to  the  mean  L  (intr-
aclass  correlation  coefﬁcient  =  0.89).  The  mean  I-IC  was  signiﬁcantly  shorter  than  L,  while  the
mean  I-C-IC  was  signiﬁcantly  longer.  Linear  regression  analysis  provided  the  following  formula:
Predicted  SCV  catheter  insertion  length  (cm)  =  −0.037  +  0.036  ×  Height  (cm)  +  0.903  ×  I-T-IC  (cm)
(adjusted  r2 =  0.64).
Conclusion:  The  I-T-IC  distance  may  be  a  reliable  bedside  predictor  of  the  optimal  insertion
length for  a  right  SCV  cannulation.
© 2013  Sociedade  Brasileira  de  Anestesiologia.  Published  by  Elsevier  Editora  Ltda.  
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PALAVRAS-CHAVE
Cateter  venoso
central;
Entalhe  clavicular;
Veia subclávia
Previsão  do  comprimento  de  inserc¸ão  de  cateter  em  veia  subclávia  direita  à  beira  do
leito
Resumo
Justiﬁcativa  e  objetivo:  O  presente  estudo  teve  como  objetivo  avaliar  se  a  profundidade  de
inserc¸ão de  cateter  em  veia  subclávia  (VSC)  direita  pode  ser  prevista  de  forma  conﬁável  pelas
distâncias  do  local  de  inserc¸ão  na  VSC  até  a  incisura  clavicular  ipsilateral  (I-IC),  passando
diretamente pela  parte  superior  do  arco  da  VSC  ou  da  clavícula  (denominadas  I-T-IC  e  I-C-IC,
respectivamente).
Método:  No  total,  70  cateterismos  de  VSC  foram  estudados.  As  distâncias  I-IC,  I-T-IC  e  I-C-IC  de
cada  caso  foram  mensuradas  após  a  inserc¸ão  do  cateter  guiada  por  ultrassom.  O  comprimento
do  cateter  entre  o  local  de  inserc¸ão  e  a  incisura  clavicular  ipsilateral  (L)  foi  calculado  por  meio
de  radiograﬁa.
Resultados:  As  diferenc¸as  em  centímetros  de  L  em  relac¸ão  às  distâncias  I-T-IC,  I-C-IC  e  I-IC
foram de  0,14  ±  0,53;  2,19  ±  1,17  e  0,45  ±  0,68  respectivamente.  A  média  de  I-IC  foi  signiﬁca-
tivamente  menor  que  L,  enquanto  a  média  de  I-C-IC  foi  signiﬁcativamente  maior.  A  análise  de
regressão  linear  forneceu  a  seguinte  fórmula:  Comprimento  previsto  da  inserc¸ão  de  cateter  em
VSC  (cm)  =  −0,037  +  0,036  x  Altura  (cm)  +  0,903  x  I-T-IC  (cm)  (r2 ajustado  =  0,64).
Conclusão: A  distância  I-T-IC  pode  ser  um  preditivo  conﬁável  do  comprimento  de  inserc¸ão  ideal
para canulac¸ão  em  VSC  direita.
© 2013  Sociedade  Brasileira  de  Anestesiologia.  Publicado  por  Elsevier  Editora  Ltda.  
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everal  landmarks,1,2 simple  formulas,3 and
lectrocardiography4 have  been  used  for  the  optimal
nsertion depth  of  the  central  venous  catheter.  However,
or subclavian  venous  cannulations,  such  conﬁrmatory
echniques are  of  limited  use.
A  recent  study5 suggested  that  adding  (i)  the  distance
etween the  insertion  point  of  needle  and  the  ipsilateral
lavicular notch  to  (ii)  the  vertical  distance  between  the
arina and  the  ipsilateral  clavicular  notch  generates  a  reli-
ble tip  position  near  the  carina  level  that  guides  suitable
nd safe  positioning  of  the  central  venous  catheter  tip  above
he pericardial  reﬂection.1 However,  this  method  has  some
imitations. This  method  requires  a  chest  radiograph  that  is
eeded to  evaluate  the  vertical  distance  between  the  carina
nd the  ipsilateral  clavicular  notch.  And,  the  subclavian  vein
ollows a  curved  path.6 Thus,  this  method  may  be  shorter
han the  optimal  insertion  depth.
The  aim  of  the  present  study  was  to  evaluate  whether
everal distances  from  the  insertion  point  of  needle  to  the
psilateral clavicular  notch,  running  directly  (denoted  as  I-
C), via  the  subclavian  vein  top,  or  via  the  clavicle  (denoted
s I-T-IC  and  I-C-IC,  respectively),  are  reliable  bedside  pre-
ictors of  the  optimal  insertion  length  for  ultrasound-guided
ight subclavian  venous  cannulation.
ethod
ritten  informed  consent  was  obtained  from  all  patients
fter approval  of  the  trial  by  the  Institutional  Review
oard (2012--0104)  and  Clinical  Research  information  Service
KCT0000612). All  patients  required  subclavian  venous  can-
ulation over  the  course  of  a  6 month  period.  The  patients
t
m
l
tho  did  not  agree  to  participate  in  the  study  were  excluded
rom this  study,  as  were  patients  who  had  some  spine  or
essel deformities  or  in  whom  the  positioning  of  the  central
enous catheter  was  inadequate.
Patient  ages,  gender,  heights,  and  weights  were
ecorded. On  arrival  in  the  operating  room,  the  patients
ere monitored.  After  the  induction  of  anesthesia,  skin
reparation and  sterile  draping  were  performed.  Subclavian
enous catheterization  was  performed  by  using  a  four-
umen central  venous  catheter  (Arrow  International  Inc.,
eading, PA,  USA)  and  the  infra-clavicular  approach  with  a
onography-guided longitudinal  view.  The  probe  (SonoSite
-Series, Bothell,  WA,  USA)  was  placed  parallel  to  the  long
xis of  the  subclavian  vein  and  the  needle  was  inserted  adja-
ent to  the  short  edge  of  the  probe  so  that  it  remained
isible as  it  traveled  through  the  overlying  tissues  into  the
ubclavian vein.7,8 Subsequently,  the  catheter  was  inserted
y using  a  guide-wire.  To  determine  the  correct  depth  of
atheter insertion,  the  patient’s  head  and  neck  were  placed
n the  neutral  position  after  insertion  of  the  catheter  and  an
ntra-operative full-inspiration  chest  radiograph  was  taken
o establish  the  fact  that  the  central  venous  catheter  tip
as at  the  level  of  the  carina.2 To  optimize  the  position  of
he catheter  tip,  the  catheter  was  moved  back  and  forth.
ig. 1  depicts  the  key  landmarks  and  the  each  distance
as measured.  The  needle  insertion  point  is  denoted  as  I
n  Fig.  1,  while  the  ipsilateral  clavicular  notch  is  denoted
s IC.  The  length  of  the  catheter  between  the  needle  inser-
ion point  and  the  ipsilateral  clavicular  notch  is  denoted  as
 and  was  calculated  by  subtracting  the  measured  length  of
he catheter  between  the  ipsilateral  clavicular  notch  and
he catheter  tip  (this  length  is  denoted  as  A),  which  was
easured by  using  chest  radiography,  from  the  actual  total
ength of  catheter  between  the  needle  insertion  point  and
he catheter  tip.  The  I-IC,  I-T-IC  and  I-C-IC  distances  were
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Figure  1  The  I-T-IC,  I-C-IC,  and  I-IC  distances  were  measured
after ultrasound-guided  insertion  of  the  right  subclavian  venous
cannulation catheter.  The  blue  circle  indicates  the  ipsilateral
clavicular notch  (IC).  The  actual  total  catheter  insertion  length
(L +  A)  was  calculated  by  adding  (i)  the  distance  between  the
needle insertion  point  and  the  ipsilateral  clavicular  notch  (this
distance is  designated  as  L)  to  (ii)  the  distance  between  the
ipsilateral clavicular  notch  and  the  catheter  tip  (this  distance
is designated  as  A).  The  I-T-IC  distance  is  the  distance  from
the needle  insertion  point  to  the  ipsilateral  clavicular  notch
via the  top  of  the  subclavian  vein  (i.e.,  distance  D  +  distance
E) that  is  indicated  by  the  yellow  line.  The  I-C-IC  distance  is
the distance  from  the  needle  insertion  point  to  the  ipsilateral
clavicular notch  via  the  clavicle  (i.e.,  distance  F  +  distance  G)
that is  indicated  by  the  green  line.  The  I-IC  distance  is  indicated
Table  1  Demographic  characteristics  of  the  patients.
Patient  characteristics  (n  =  70)
Age  (years)  58.36  ±  15.11
Gender  (M/F)  21/49
Height (cm) 157.63  ±  8.55
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insertion point  of  needle  and  the  ipsilateral  clavicular
notch), the  distances  of  I-IC  and  I-C-IC,  and  I-T-IC  that  were
measured on  the  surface  of  skin.  To  determine  how  well  they
Table  2  Distances  used  to  predict  the  optimal  length  of
subclavian venous  cannulation  and  their  agreement  with  L.
Measurements  Mean  ±  SD  t-Statistic  p-Value  ICC
L  (cm)  92.2  ±  11.6
I-T-IC  (cm)  93.5  ±  11.7  1.45  0.15  0.89
I-C-IC  (cm)  114.0  ±  15.5  −17.60  <0.001a 0.28
I-IC  (cm)  87.6  ±  10.8  −5.64  <0.001a 0.76
The values are expressed as mean ± SD.
ICC, intraclass correlation coefﬁcient; L, catheter length from
the  needle insertion point to the ipsilateral clavicular notch; I-T-
IC,  the distance from the needle insertion point to the ipsilateral
clavicular notch via the top of the subclavian vein; I-C-IC, the
distance  from the needle insertion point to the ipsilateral clav-by B  and  the  red  line,  and  is  the  direct  distance  from  the  needle
insertion point  to  the  ipsilateral  clavicular  notch.
measured  on  the  surface  of  skin  after  inserting  the  sub-
clavian vein  cannulation  catheter,  and  I-T-IC  was  guided  by
ultrasound. The  I-IC  distance  is  the  direct  line  between  the
insertion point  of  needle  and  the  ipsilateral  clavicular  notch;
it is  indicated  in  Fig.  1  by  the  red  line  and  denoted  as  B.
Point T,  which  was  deﬁned  as  the  highest  point  of  the  sub-
clavian vein  arch,  was  determined  by  using  ultrasound.  The
I-T-IC distance  (denoted  by  the  yellow  line  in  Fig.  1)  was
determined by  adding  (i)  the  distance  between  the  insertion
point of  needle  and  point  T  (the  distance  denoted  by  D)  to
(ii) the  distance  between  point  T  and  the  ipsilateral  clavic-
ular notch  (the  distance  denoted  by  E).  The  I-C-IC  distance
(denoted by  the  green  line  in  Fig.  1)  was  determined  by
adding (i)  the  shortest  distance  between  the  clavicle  (point
C) and  the  insertion  point  of  needle  (the  distance  denoted
by F)  to  (ii)  the  distance  between  the  clavicle  (point  C)  and
the ipsilateral  clavicular  notch  (the  distance  denoted  by  G).
Regarding  sample  size,  it  was  determined  that  75  mea-
surements were  needed  for  a  signiﬁcance  level  of  0.05,  a
power of  90%,  and  an  exclusion  rate  of  15%.  These  deter-
minations were  based  on  the  results  of  a previous  study5
that  reported  a  distance  of  1  cm  from  the  carina  as  being  a
safe central  venous  catheter  tip  level  (the  SD  was  1.2  cm).
All variables  are  expressed  as  mean  ±  standard  deviation,
or number  of  samples.  A  paired  t-test  with  95%  conﬁdence
intervals was  used  to  evaluate  the  differences  between
L and  the  I-T-IC,  I-C-IC,  or  I-IC  distances.  The  agreementWeight  (kg) 61.49  ±  10.34
The values are expressed as mean ± SD or number of patients.
etween  L  and  I-T-IC,  I-C-IC,  or  I-IC  was  assessed  by  calculat-
ng the  intraclass  correlation  coefﬁcient  (ICC).  Correlations
etween the  L  +  A  and  I-T-IC  distances  and  other  variables
ere assessed  by  using  Pearson  correlation  analysis.  Lin-
ar regression  was  performed  to  develop  a  model  for  the
redicted L  +  A  on  the  basis  of  I-T-IC  and  patient  height.
or the  ﬁnal  predicted  models,  a  bootstrap  analysis  was
erformed: 1000  bootstrap  replicates  were  generated  by
andom sampling  from  the  original  data  set  with  replace-
ent. The  regression  coefﬁcient  of  the  bootstrap  bias  --
orrected prediction  equation  was  estimated  by  considering
ias with  samples  of  1000  bootstrap  replications.  All  sta-
istical data  were  analyzed  by  using  SPSS  20.0  (SPSS  Inc.,
hicago, IL).  A  p-value  less  than  0.05  was  considered  to  be
tatistically signiﬁcant.
esults
f  the  75  patients  who  were  originally  enrolled  in  this
tudy, three  patients  changed  their  minds  about  partic-
pating before  the  study  began,  and  two  patients  were
xcluded because  the  tip  was  in  an  internal  jugular  vein.
s a  consequence,  the  ﬁnal  study  cohort  comprised  70
ubclavian vein  catheterizations  that  were  performed  with
onographic guidance.  The  patient  characteristics  are  pre-
ented in  Table  1.
The mean  actual  total  length  of  the  subclavian  catheter
L +  A)  that  was  inserted  was  14.10  ±  1.46  cm.  Table  2  lists
he means  of  L  (the  length  of  the  catheter  between  theicular  notch via the clavicle; I-IC, the direct distance from the
needle  insertion point to the ipsilateral clavicular notch.
a p < 0.05 versus L.
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Figure  2  Bland--Altman  plots  showing  the  averages  and  differences  between  L  and  I-T-IC  (A),  I-C-IC  (B),  or  I-IC  (C).  The  mean
differences  were  0.14,  2.19,  and  −0.45  cm,  respectively.  L,  the  length  of  the  catheter  from  the  needle  insertion  point  to  the
i  insertion  point  to  the  ipsilateral  clavicular  notch  via  the  top  of  the
s  point  to  the  ipsilateral  clavicular  notch  via  the  clavicle;  I-IC,  the
d l  clavicular  notch.
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Figure  3  Relationship  between  the  total  insertion
length predicted  by  the  following  formula  and  the
observed total  insertion  length  (L  +  A).  Predicted  L  +  A
(cm) =  −0.037  +  0.036  ×  Height  +  0.903  ×  I-T-IC  (adjusted
r2
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tpsilateral clavicular  notch;  I-T-IC,  the  distance  from  the  needle
ubclavian  vein;  I-C-IC,  the  distance  from  the  needle  insertion
irect  distance  from  the  needle  insertion  point  to  the  ipsilatera
redicted  optimal  subclavian  venous  cannulation  depth,
heir agreement  with  L  was  assessed.  The  L  and  the  I-T-
C did  not  differ  signiﬁcantly  (p  =  0.15).  However,  L  differed
igniﬁcantly from  both  I-C-IC  (p  <  0.001)  and  I-IC  (p  <  0.001).
land--Altman plots  demonstrated  large  variations  in  the  dif-
erences between  L  and  I-IC  and  between  L  and  I-C-IC.  The
ean differences  between  L  and  I-T-IC,  I-C-IC,  or  I-IC  were
.14, 2.19,  and  −0.45  cm,  respectively.  The  differences
etween I-T-IC  and  L  were  smaller  than  the  differences
etween L  and  I-IC  and  between  L  and  I-C-IC  (Fig.  2).
The  mean  difference  between  I-T-IC  and  L  was  0.14  cm
95% conﬁdence  interval  (CI)  0.01,  0.26],  and  the  ICC  of
greement was  0.89  (95%  CI  0.83,  0.93).  The  mean  differ-
nce between  I-C-IC  and  L  was  2.19  cm  (95%  CI  1.91,  2.47),
nd the  ICC  of  agreement  was  0.28  (95%  CI  −0.09,  0.62).
he mean  difference  between  I-IC  and  L  was  −0.45  cm  (95%
I −0.61,  −0.29),  and  the  ICC  of  agreement  was  0.76  (95%
I 0.46,  0.88).  The  ICC  values  listed  in  Table  2  indicate  that
he I-T-IC  distance  tended  to  be  the  most  similar  to  L.
The  total  insertion  length  of  subclavian  venous  catheter
L +  A  distance  in  Fig.  1)  correlated  signiﬁcantly  with  I-T-
C (r  =  0.78,  p  <  0.0001),  patient  age  (r  =  −0.72,  p  =  0.55),
eight (r  =  0.11,  p  =  0.36),  and  height  (r  =  0.36,  p  =  0.002).
Using linear  regression,  the  following  formula  was
evised to  predict  L  +  A:
Predicted  L  +  A  (cm)  =  −0.037  + 0.036  ×  Height
cm) +  0.903  ×  I-T-IC  (cm),  adjusted  r2 =  0.64.
Fig.  3  showed  that  the  L  +  A  values  predicted  by  this  for-
ula related  to  the  observed  L  +  A  value.
None  of  the  patients  showed  any  complications  during
he determination  of  the  I-IC,  I-T-IC,  I-C-IC,  and  L  distances,
or during  or  after  right  subclavian  vein  cannulation.
iscussion
f  the  three  anatomic  landmarks  investigated  here,  only  the
-T-IC distance  successfully  predicted  the  optimal  subclavian
enous catheter  length,  which  suggests  that  it  may  be  a  use-
ul bedside  predictor  of  the  correct  catheter  insertion  length
hat is  to  be  used  during  right  subclavian  venous  cannulation.
oreover, by  using  a  formula  based  on  I-T-IC  and  height,
he optimal  right  subclavian  venous  catheter  insertion
ength could  be  predicted  without  having  to  make  a  chest
adiograph.
t
d
p
p=  0.64).  I-T-IC,  the  distance  from  the  needle  insertion  point
o the  ipsilateral  clavicular  notch  via  the  top  of  the  subclavian
ein.
There  are  no  gold  standards  for  predicting  the  opti-
al length  of  catheter  insertion  during  subclavian  venous
annulation. To  determine  the  optimal  insertion  length  of
he central  venous  catheter,  several  landmarks,1,2 simple
ormulas,3 and  electrocardiography4 have  been  used.  How-
ver, for  subclavian  venous  cannulations,  such  conﬁrmatory
echniques are  of  limited  use.
Fletcher  et  al.  suggested  that  central  venous  catheter
ips should  lie  above  the  pericardial  reﬂection.9 If  central
enous catheter  tip  lies  below  the  pericardial  reﬂection,
atients have  potentially  fatal  risk  of  pericardial  tampo-
ade because  the  central  venous  catheter  tip  can  penetrate
hrough the  vessel  wall.  Besides,  central  venous  catheter
lacement in  the  right  atrium  can  make  arrhythmias,  nar-
owing or  blocking  the  coronary  sinus,  and  damage  of
ricuspid valve.  If  the  central  venous  catheter  tip  lies  above
he pericardial  reﬂection,  patients  can  undergo  hydrome-
iastinum or  hydrothorax  due  to  extravasated  ﬂuid.  And
atients with  central  venous  catheter  tip  that  lies  above  the
ericardial reﬂection  suffer  the  superior  vena  cava  damage
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more  frequently  than  catheter  tip  placed  below  the  peri-
cardial reﬂection.10,11 And  an  angle  of  the  central  venous
catheter tip  to  vessel  wall  and  the  type  of  ﬂuid  infused  can
lead to  vessel  erosion,  pain  on  injection  of  drugs,  infection,
and thrombosis.12,13
Topographic  landmarks,  including  the  angle  of  Louis14
and  the  right  third  intercostal  space15 have  been  used
to guide  the  correct  positioning  of  the  subclavian  venous
catheter tip.  Both  of  them  are  related  to  the  horizon-
tal plane  of  the  tracheal  carina.6 In  the  previous  studies,
formulas12,13,16 using  patient  height  or  skin-to-vein  distance
also recommended.  While  the  techniques  based  on  both
of these  landmarks  are  easy  to  use  without  any  poten-
tial complications,  they  can  also  be  affected  by  anatomical
variation between  patients  and  radiological  and  physical
landmarks, and  patient’s  height,  simultaneously.
Kim  et  al.17 showed  that  the  optimal  catheter  insertion
length during  right  subclavian  venous  cannulation  was
12.9 ±  0.9  cm,  while  Ryu  et  al.5 suggested  that  13.8  cm
(10.5--18.0 cm)  of  subclavian  venous  catheter  insertion
would be  optimal  when  the  infra-clavicular  landmark
approach was  used.  However,  this  ﬁxed  length  does  not
consider height,  the  preferred  insertion  point  of  the  practi-
tioner, or  the  method  of  subclavian  venous  cannulation,  all
of which  might  inﬂuence  the  ﬁnal  location  of  the  catheter
tip.
To determine  the  optimal  insertion  length  of  the
central venous  catheter,  electrocardiography4 (ECG)  was
performed. The  peak  P-wave  is  usually  observed  when  the
central venous  catheter  tip  was  placed  at  the  superior
vena cava/right  atrium  junction.  At  about  4.0  cm  above
the superior  vena  cava/right  atrium  junction,  the  P-wave
returns to  a  normal  shape  and  size.4 Moreover,  a  trans-
esophageal echocardiography  guidance  of  central  venous
catheter placement  may  also  effectively  be  conducted.
However, both  of  these  techniques  need  additional  equip-
ment and  are  potentially  associated  with  increased  costs
and risks  of  further  complications.18,19
A  previous  study1 has  shown  that  the  carina  was  sug-
gested to  be  a  reliable  landmark  for  determining  the  most
appropriate and  safest  position  of  the  subclavian  venous
catheter tip  above  the  pericardial  reﬂection.  The  advan-
tages of  this  approach  include  the  ﬁxation  of  the  carina
to connective  tissue,  which  ensures  preservation  of  place-
ment (even  under  conditions  of  pulmonary  pathology)  and
a reduced  risk  of  cardiac  tamponade.  Thus,  this  landmark
was also  used  in  the  present  study.  Notably,  the  internal
jugular vein  and  the  subclavian  vein  can  be  found  easily
beneath the  ipsilateral  clavicular  notch,  which  is  the  site  of
articulation with  the  sternal  end  of  the  clavicle  and  can  be
readily palpated  by  hand.6,20 Therefore,  in  another  study,5
the  carina  served  as  a  landmark  of  adequate  subclavian
vein insertion  length  together  with  an  estimate  of  the  inser-
tion length,  which  was  calculated  on  the  basis  of  a  chest
radiograph taken  before  central  venous  catheter  insertion
by adding  (i)  the  distance  between  the  insertion  point  of
needle to  the  ipsilateral  clavicular  notch  to  (ii)  the  verti-
cal distance  between  the  ipsilateral  clavicular  notch  to  the
carina. However,  this  method  has  some  limitations.  First,  a
chest radiograph  is  needed  to  evaluate  the  vertical  distance
between the  ipsilateral  clavicular  notch  and  the  carina.  Sec-
ond, the  subclavian  vein  follows  a  curved  path:  the  axillary
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ein  extends  from  the  axillary  area,  through  either  above
r below  the  clavicle,  to  beneath  the  ipsilateral  clavicular
otch.6 Thus,  the  distance  between  the  insertion  point  of
eedle and  the  ipsilateral  clavicular  notch  may  be  shorter
han the  optimal  insertion  length.  The  vertical  distance
etween the  carina  and  the  ipsilateral  clavicular  notch  may
e  too  short  because  the  subclavian  vein  is  curved  and  prac-
itioner tried  with  various  insertion  point  as  their  proper  and
echnique. Thus,  the  use  of  the  vertical  distance  between
he ipsilateral  clavicular  notch  and  the  carina  can  result  in
ubclavian venous  catheter  malposition  and  can  even  cause
omplications. In  the  present  study,  the  I-IC  values  were  sig-
iﬁcantly shorter  than  L.  It  should  be  noted  that  the  use  of
ltrasound to  determine  the  highest  point  of  the  subclavian
ein can  also  be  challenging  sometimes.
In  the  present  study,  the  subclavian  vein  was  cannulated
y using  a  sonography-guided  longitudinal  approach.  If  the
sual the  infra-clavicular  landmark-guided  technique  is
sed, it  could  lead  to  puncture  of  the  posterior  wall  of
he subclavian  vein,  which  lies  extremely  close  to  the  lung
pex. However,  by  using  the  sonography-guided  longitudinal
pproach, the  preferred  puncture  site  in  the  axillary  vein
rather than  the  subclavian  vein)  is  punctured  easily,  which
an decrease  the  likelihood  of  pneumothorax.7 Moreover,
he axillary  venous  puncture  between  the  subclavius  muscle
nd the  costoclavicular  ligament  complex  decreases  the
ikelihood of  trapping  the  catheter.21 It  should  be  noted,
owever, that  the  sonography-guided  longitudinal  approach
an lead  to  more  variable  subclavian  venous  catheter
engths than  the  infra-clavicular  landmark  technique
ecause the  insertion  point  may  vary  depending  on  the
ractitioner; moreover,  axillary  vein  puncture  means  that
 longer  length  of  curved  vein  is  involved.  To  compensate
or this,  the  I-T-IC  distance  was  measured  in  the  present
tudy. Indeed,  of  the  various  distances  that  were  measured,
he I-T-IC  distance  was  found  to  be  the  most  similar  to  the
ctual length.
The I-T-IC  distance  has  some  limitations.  It  is  sometimes
ifﬁcult to  identify  the  top  of  the  subclavian  vein  because
he top  of  the  subclavian  vein  can  be  hidden  beneath  the
lavicle; thus,  skill  is  required  to  ﬁnd  this  landmark.  In  addi-
ion, the  A distance  must  be  measured  on  the  basis  of  a
hest radiography.  Therefore,  a formula  to  predict  L  +  A  was
alculated on  the  basis  of  I-T-IC  and  height  alone.  This  for-
ula could  be  used  to  identify  the  optimal  insertion  length
n some  situations.
In conclusion,  the  I-T-IC  distance  may  enable  reliable
edside prediction  of  the  best  optimal  insertion  length  of  a
ight subclavian  vein  catheter,  even  when  sonographic  guid-
nce is  used  to  place  the  catheter.
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